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We study collisional loss of a quasi-one-dimensional (1D) spin-polarized Fermi gas near a p-wave
Feshbach resonance in ultracold 6Li atoms. We measure the location of the p-wave resonance in
quasi-1D and observe a confinement-induced shift and broadening. We find that the three-body
loss coefficient L3 as a function of the quasi-1D confinement has little dependence on confinement
strength. We also analyze the atom loss with a two-step cascade three-body loss model in which
weakly bound dimers are formed prior to their loss arising from atom-dimer collisions. Our data
are consistent with this model. We also find a possible suppression in the rate of dimer relaxation
with strong quasi-1D confinement. We discuss the implications of these measurements for observing
p-wave pairing in quasi-1D.
The realization of ultracold atomic Fermi gases has pro-
vided experimental access to a wide array of phenomena,
largely because of the presence of Feshbach resonances
that provide for externally tunable interatomic interac-
tions [1–4]. In addition to the usual s-wave interactions
between distinguishable fermions, higher partial-wave in-
teractions may also be tuned via Feshbach resonances [5].
p-Wave interactions are of particular interest as they are
the dominant low-energy scattering process between iden-
tical fermions. Such systems are predicted to exhibit phe-
nomena distinct from those observed in s-wave interacting
Fermi gases [6]. In particular, pairing between identical
fermions is an essential ingredient of the Kitaev chain
Hamiltonian [7], which supports Majorana zero-modes at
the ends of the chain. These zero-modes have been ob-
served in semiconducting nanowires [8], and are a promis-
ing candidate platform for fault-tolerant quantum com-
puting [9, 10].
p-Wave Feshbach resonances have been observed in 40K
[11–13] and 6Li [14–19]. The severe atom losses associated
with these resonances, however, have limited their useful-
ness. Three-body losses, which are suppressed by symme-
try in the case of a fermionic two-spin system with s-wave
interactions [20], are not suppressed, and are consequently
significant for p-wave interactions. Much work has been
done recently in characterizing the atom loss associated
with p-wave Feshbach resonances [21–24], and there has
been renewed interest in studying these resonances in re-
duced dimensions. Recent theoretical work has suggested
that three-body losses may be suppressed in the quasi-
1D traps that are achievable in ultracold atom experi-
ments [25]. The absence of a centrifugal barrier in 1D re-
sults in Feshbach molecules that have extended wavefunc-
tions which overlap less with deeply-bound moleculecular
states. This may result in suppressed three-body loss,
and if confirmed might open a path towards realizing p-
wave pairing in quasi-1D and emulating the Kitaev chain
Hamiltonian.
In this paper, we present an experimental study of
three-body losses near a p-wave Feshbach resonance of
identical 6Li fermions in quasi-1D. We measure the three-
body loss coefficient (L3) as a function of 1D confinement
for a direct three-body process, and observe no depen-
dence up to our maximum confinement strength. We also
analyze the observed atom loss within the framework of
a cascade model, in which a transient Feshbach dimer
formed in an initial atom-atom collision is subsequently
lost due to the formation of a deeply-bound molecule in an
inelastic atom-dimer collision [26, 27]. We find that the
atom-dimer collision rate is nearly independent of mag-
netic field for large field detunings from resonance, but the
data suggest a possible suppression for fields closer to res-
onance. Finally, we characterize the confinement-induced
shifts in the resonance position that appear in quasi-1D
[28–32]. These shifts allow us to extract a value for the
effective range that is in agreement with our coupled-
channel calculations, as well as our new analysis of previ-
ous experimental work in quasi-2D [21].
The apparatus and the experimental methods we use
to prepare degenerate Fermi gases have been described
previously [33, 34]. A 6Li degenerate Fermi gas is first
prepared in the two lowest hyperfine states of the S1/2
manifold (states |1〉 and |2〉, respectively) at 595 G, cor-
responding to an s-wave scattering length of 326 a0,
where a0 is the Bohr radius. The atoms are then loaded
into a crossed-beam dipole trap formed by three linearly-
polarized mutually-orthogonal laser beams of wavelength
λ = 1.064 µm. Each beam is retro-reflected, with the
polarizations of the incoming and retro-reflected beams
set to be perpendicular to each other to avoid lattice
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2formation. We then eliminate state |1〉 from the trap
with a resonant burst of light. At this stage, we ob-
tain 9(1) × 104 atoms in state |2〉 in a nearly isotropic
harmonic trap with a geometric-mean trapping frequency
of 2pi × 305(2) Hz, and at a temperature T/TF ≈ 0.1
where, TF is the Fermi temperature. The optical trap
depths are increased and the polarizations of the retro-
reflected beams are rotated to achieve a 7 Er deep 3D
optical lattice, where Er = h2/(2mλ2) = kB × 1.41 µK is
the recoil energy, and m is the atomic mass. During the
lattice ramp, a co-propagating (but not retro-reflected)
beam of blue-detuned light (532 nm) is introduced along
each trapping-beam dimension to reduce the curvature of
the trapping potential [33, 34]. By tuning these compen-
sation beam powers, we create a 3D band insulator with
a central density of approximately 1 atom per site at the
center of the cloud. In order to produce a 2D lattice,
which is an array of quasi-1D tubes, we slowly turn off
the compensation beams and the vertical lattice beam,
while increasing the intensity of the two remaining beams
to achieve a desired 2D lattice depth, VL. The final 2D
lattice depth determines the confinement in the quasi-1D
traps, which is parameterized by a⊥ =
√
~/mωr and RF ,
where ωr =
√
4ErVL/~ is the trapping frequency of a lat-
tice site when approximated as a harmonic potential, and
RF (Nt,j , ωz) =
√
(2Nt,j + 1)~/mωz is the Fermi radius of
tube j with number of atoms Nt,j and an axial frequency
ωz. The aspect ratio of the quasi-1D tubes Λ = ωr/ωz is
independent of lattice depth, and is approximately 165.
We load a maximum of around 30 atoms per quasi-1D
tube with a temperature below the Fermi temperature to
avoid exciting any radial modes.
Because the 6Li |1〉 − |1〉 p-wave Feshbach resonance
near 159 G is very narrow in magnetic field, we use a
two-step servo scheme to stabilize the current in the coils
producing the Feshbach magnetic field. The first servo,
S1, provides the large dynamic range required to run our
experimental sequence, while the second servo, S2, con-
trols the current in a bypass circuit added in parallel to
the magnetic coils. This improves the stability of the mag-
netic field to ±10 mG and provides finer magnetic-field
resolution. After reaching the hold field B, the atoms are
transferred into |1〉 with a pi-pulse of duration 75 µs using
RF radiation resonant with the |1〉 − |2〉 magnetic-dipole
transition, where they interact via the p-wave Feshbach
resonance. After a hold time τ , we ramp the field back to
595 G to take an image of the atoms.
We image the remaining atoms with one of two pos-
sible imaging techniques, absorption imaging after the
cloud undergoes free expansion, or in situ phase-contrast
imaging. The former technique is state-selective, but does
not provide information on the typically non-uniform dis-
tribution of atoms across the array of quasi-1D tubes.
The latter technique, when coupled with the inverse Abel
transform, which exploits the approximate cylindrical
symmetry of the 2D lattice, enables us to measure this
distribution with a resolution of approximately three lat-
tice constants. We use the measured density distribution
to sector the 2D lattice into concentric shells in which the
tubes have similar chemical potentials, as shown in Fig.
1. This procedure is useful as scattering processes are in
general energy-dependent, so observables depend on rate
coefficients that are averaged over the Fermi-Dirac distri-
bution for atoms in each tube.
FIG. 1. Schematic representing the multiple cylindrical shells
that can be accessed through in situ imaging. A particular
shell i composed of multiple tubes j is highlighted in blue.
A homogeneous magnetic field is applied along the axial (z)
direction. Because of the magnetic field alignment, only the
|ml| = 0 projection of the angular momentum in the p-wave
collisions is allowed. Each tube is characterized axially by a 1D
Fermi radius RF , and transversely by the harmonic oscillator
length scale a⊥.
We characterized the |1〉 − |1〉 p-wave Feshbach reso-
nance in 3D and quasi-1D, by measuring atom loss as
functions of B and τ . In the same 3D trap that we pre-
pare the ultracold atoms, we find the onset of loss at
B3D =159.05(1) G, which agrees with the previous mea-
surements of the location of this resonance in 3D [15, 17]
but differs with other measurements [19, 35] by a few
10’s of mG. We were not able to resolve the expected
doublet feature arising from the dipole-dipole interaction
[12, 19, 36] because of limitations of the field stability. As
VL is increased, we observe a confinement-induced shift
in the resonance field and broadening of the atom-loss
feature, as shown in Fig. 2(a).
We now review p-wave scattering in 3D and quasi-1D
3to show how the measured confinement-induced shift can
be used to extract αp, the 3D effective range. For low-
energy collisions in 3D, the cotangent of the phase-shift
δp associated with p-wave scattering can be expanded as a
function of two parameters, the p-wave scattering volume,
Vp, and a p-wave effective range, αp [37]:
k3 cot(δp(k)) = − 1
Vp
− αpk2 +O(k4). (1)
The effective range is positive and has units of inverse
length, unlike in the case of s-wave scattering, where it
has units of length. Both the scattering volume and the
effective range may be obtained as a function of magnetic
field by solving the Schrödinger equation for the relevant
coupled-channel system at low energy. These scattering
properties are modified in quasi-1D,
k cot(δp(k)) = − 1
lp
− ξpk2 +O(k4), (2)
where lp is the 1D p-wave scattering length and ξp is
the 1D p-wave effective range, which has units of length.
These quasi-1D scattering parameters are given by [30–
32]:
lp = 3a⊥
[
a3⊥
Vp
+ αpa⊥ + 3
√
2|ζ(−1/2)|
]−1
(3)
and
ξp = αpa
2
⊥/3, (4)
where ζ is the Riemann zeta function (ζ(−1/2) ≈
−0.208). The second and third terms in lp lead to a
confinement-induced shift in the resonance location.
By performing a coupled-channel calculation, which re-
quires detailed knowledge of the inter-atomic potentials
[38], we obtain an expansion 1/Vp(B) up to second or-
der in B. The effective range αp can be approximated
as a constant independent of B for the relevant range of
magnetic field. The Feshbach resonance in 3D occurs at
the magnetic field B3D at which Vp diverges. Similarly,
in quasi-1D, the resonance occurs when lp diverges at a
magnetic field B1D, which is a function of VL and αp. The
confinement-induced shift, δB(VL, αp) = B1D −B3D, can
be approximated to leading order in confinement strength
by (see Supplemental Material [39])
δB =
−2mEr
~2 ∂(1/Vp)∂B |B=B3D
αp
√
VL. (5)
We fit the measured confinement-induced shifts as a func-
tion of VL to Eq. 5 by taking αp and B3D as fitting pa-
rameters. The result of the fit to the quasi-1D data is
shown by the solid curve in Fig. 2(b). We obtain an
effective range αp = 0.14(1) a−10 . We find a consistent
value by analyzing previous measurements performed on
a 2D gas of 6Li in state |1〉 [21] (see Supplemental Ma-
terial [39]). The measured αp is also consistent with our
coupled-channel result of 0.1412 a−10 .
FIG. 2. (a) p-Wave resonances in 3D and quasi-1D measured
with magnetic-field-dependent loss. We define δB(VL, αp) =
B1D −B3D, where we measure B3D = 159.05(1) G. The reso-
nance position for each case (dashed line) corresponds to the
onset (15% loss) of the observed atomic loss averaged over 6
experimental runs. Error bars are the standard error of the
mean. (b) The diamonds show the confinement-induced shift,
δB , for the quasi-1D p-wave Feshbach resonance position as
a function of VL. The solid curve shows the result of fitting
the data to Eq. 5, where the effective range αp = 0.14(1)
a−10 and B3D = 159.07(1) G are fitted parameters. Error bars
indicate the statistical uncertainty arising from atom number
fluctuation and field instability.
The observed atom loss is presumably due to the for-
mation of deeply-bound molecules. To characterize the
observed loss, we measured N , the number of atoms re-
maining in the trap after a holdtime τ for various B and
VL. Background-gas collisions lead to a 1/e atom lifetime
4of 38 s in this apparatus, and are negligible for this anal-
ysis. Atom loss due to three-body collisions is described
by
N˙
N
= −L3 n2, (6)
where n2 = (Nt,c/2RF,c)2 is the squared atomic line den-
sity for a central tube, determined using a length-scale of
twice the local Fermi radius RF,c. We measure the time
evolution with VL between 15 to 75 Er and extract L3 by
fitting loss vs time to Eq. 6. The peak three-body loss co-
efficients for all measured lattice depths in the range of 15
Er to 75 Er are around 7(2)×10−6 cm2/s. We observe no
dependence on 1D confinement in this range. Due to the
inhomogeneity of the initial distribution of atoms across
the 2D lattice, however, we find a rather poor agreement
of the data to Eq. 6 (see Supplemental Material [39]).
An alternative analysis of the same data that provides
an improved fit is shown in Fig. 3. Here, we group the
tubes into separate cylindrical shells (labeled by i = 1 −
4) with an averaged atom number per tube 〈Nt〉i and a
corresponding Fermi temperature TF,i. Figure 4(a) shows
FIG. 3. Typical time evolution of averaged tube population
〈Nt〉 in 4 shells at ∆B = 30 mG with VL = 75 Er. The
different colors and symbols indicate different shells with ap-
proximately uniform initial atom number per tube. The shells
are labeled from i = 1, the inner-most, to i = 4, the outer-
most shell. Solid curves show fits to Eq. 6 to extract L3 with
the squared atomic density n2 = (〈Nt〉i/2RF,i)2 of a typical
tube in each shell, and the corresponding Fermi radii. The
corresponding L3 values are plotted in Fig. 4. Data points
are averaged over 5 shots, and error bars are the standard
error of the mean.
L3 for each shell extracted from this data. The peak L3
for each shell is in the range of 5×10−6 cm2/s to 1×10−5
cm2/s, and is similar to the peak L3 extracted from the
whole atomic cloud.
Recently, the loss of ultracold fermions near a p-wave
Feshbach resonance in 3D has been modeled as a cascade
of two consecutive two-body processes. Two atoms res-
onantly form a Feshbach dimer, followed by a collision
between the dimer and an atom, and result in a deeply-
bound molecule and an atom [26, 27]. The differential
equations governing this loss process are
dNa
dt
= 2
Γ
~
Nd − 2KaaNa(Na − 1)
4RF
−KadNaNd
2RF
(7)
and
dNd
dt
= −Γ
~
Nd +Kaa
Na(Na − 1)
4RF
−KadNaNd
2RF
, (8)
whereNa is the number of atoms, Nd is the number of Fes-
hbach dimers, Kaa is the two-body event rate for atom-
atom collisions converting atoms into Feshbach dimers,
and Kad is the two-body atom-dimer inelastic collision
event rate. The decay rate of dimers is determined by the
width of the Feshbach resonance, Γ. The rate of dimer
formation is proportional to the number of possible pairs
of atoms, given by Na(Na − 1)/2! and typically approxi-
mated as N2a/2 for large Na. However, in our experiment,
the atom number per quasi-1D tube is quite small (≈ 30),
and thus we use the exact form in our analysis.
Both Γ and Kaa are related to the eleatic scattering
cross-section, σ1D(E), which can be calculated, thus con-
straining the fit to the cascade process by a single fitting
parameter, Kad. The elastic scattering cross-section may
be approximated by a Lorentzian in terms of the colli-
sion energy, E = ~2k2/m as follows (see Supplemental
Material [39]):
σ1D(E) ≈
(
Γ
2
)2
(E − Eres)2 +
(
Γ
2
)2 . (9)
Here, Eres = −~2/lpξpm > 0 for lp < 0 is the above-
threshold binding energy of the Feshbach molecule, and
Γ = (~/ξp)
√
4Eres/m is the width of the resonance [6].
The scattering cross-section may be used to calculate
Kaa, which is the average of σ1D(kr) over the ensemble of
pairs of atoms with relative momentum kr and velocity
vr
Kaa = 〈σ1D(kr)vr〉 = ~
∫ ∞
−∞
dkr σ1D(kr)vrP (kr), (10)
5and
P (kr) =
~
N2a
∫ ∞
−∞
dk′n(k′)n(k′ − kr). (11)
The k-space number density is given by
n(k) =
1
2pi~
∫ ∞
−∞
dx
1
exp[β( 12mω
2
zx
2 + ~
2k2
2m − µ)] + 1
,
(12)
where β = 1/kBT and µ is the chemical potential. We
assume a global temperature across the entire sample.
However, the chemical potential varies significantly from
tube-to-tube due to the density inhomogeneity across the
2D lattice. This effect is mitigated by sectoring the cloud
into shells of similar chemical potential, as discussed ear-
lier, and calculating a distinct value of Kaa for each shell.
For each quasi-1D tube, µ is determined (through nor-
malizing Eq. 12) by the atom number in that tube and
the temperature. We determined the average atom num-
ber per tube for each shell by performing the inverse Abel
transform.
Although we cannot directly measure T , we exploit the
fact that at a sufficiently large magnetic field detuning
∆B = B − B1D, where B1D is the magnetic field at the
Feshbach resonance for a particular VL, the rate equations
can be approximated by a three-body loss equation with
L3 = (3/2!) ~KadKaa/Γ [27]. By comparing ~Kaa/Γ to
our measured values of L3 for ∆B > 100 mG, as shown
in Fig. 4(a), we determine T = 0.1TF,1, and by carrying
out the integrations in Eqs. 10-12 numerically, we obtain
Kaa for each shell.
The extracted atom-dimer collision event rate Kad for
VL = 75 Er is shown in Fig. 4(b). The relative uniformity
of Kad for ∆B > 50 mG is evidence that the cascade
model is appropriate and conforms to a previous analysis
of 3D and quasi-2D measurements on the same Feshbach
resonance [27]. The large uncertainty in the fitted value
for the outermost shell is indicative of its small Nt.
The behavior of Kad for ∆B < 50 mG could be a con-
sequence of the suppression predicted by Zhou and Cui
[25]. In quasi-1D the predicted suppression of dimer re-
laxation would manifest as a suppression of Kad. The
stretching of the quasi-1D p-wave molecule wavefunction
is expected to be significant for
√
2κa⊥ < 1/2, where
κ =
√
mEres/~ [25]. This suppression is predicted to be
strongest for small ∆B, where the binding energy of the
Feshbach molecule, Eres, is smallest. For VL = 75 Er, this
condition corresponds to ∆B < 27 mG. The suppression
we observe is relatively mild (around a factor of 2), how-
ever, and only relevant in a narrow magnetic field range
near the resonance, limiting its experimental usefulness.
Another interpretation of the small-detuning behavior of
Kad is that the cascade model breaks down and is no
longer applicable, perhaps due to unitarity effects [24], or
due to the existence of a shallow three-body bound state
as recently suggested by Schmidt et al. [40].
FIG. 4. (a) L3 as a function of magnetic field detuning ∆B
for VL = 75 Er. L3 is extracted from fitting Nt,i for each shell
vs τ with Eq. 6, as shown for ∆B = 30 in Fig 3. Solid curves
show (3/2!)~KadKaa/Γ with a constant 3Kad/2! = 1 cm/s,
calculated for T = 0.1 TF,1. (b) Atom-dimer collision event
rate Kad as a function of magnetic field detuning ∆B. Kad
is extracted by fitting 〈Nt〉i vs τ to Eqs. 7 and 8, using the
calculated values of Γ and Kaa. The black dashed line indi-
cates ∆B = 27 mG, which corresponds to
√
2κa⊥ = 1/2 for
VL = 75 Er [25]. Error bars indicate the one-sigma confidence
interval for the fitting parameters L3 and Kad, respectively.
This work is the first detailed experimental study of p-
wave collisions in quasi-1D. We confirm the confinement-
induced shift and broadening as a function of lattice depth
VL. The confinement-induced shift agrees well with quasi-
1D theory [32] and the extracted value for the 3D effective
range αp agrees with previous work [21]. We measure the
three-body loss coefficient L3 as a function of VL and find
6no dependence up to 75 Er. The magnetic field indepen-
dence ofKad for ∆B > 50 mG confirms the cascade model
[26, 27] for three-body loss in quasi-1D in the regime of
large magnetic field detuning, as well as for intermediate
magnetic field detunings where the loss cannot be approx-
imated by the three-body loss equation. The suppression
in Kad at ∆B < 50 mG is possibly explained by p-wave
molecule stretching [25]. Achieving greater suppression
by increasing VL would be challenging since at a fixed
magnetic field detuning ∆B, κ is independent of VL, and
thus κa⊥ ∝ 1/V 1/4L (see Supplemental Material [39]).
Although we do not have clear evidence of a suppres-
sion of atom loss, future work at even higher lattice depths
could be fruitful as the increased confinement should ex-
pand the magnetic field range over which the molecular
wavefunction is extended. Similarly, improved magnetic
field resolution and stability would enable further study of
this narrow feature closer to resonance. These technical
advancements could improve the prospects of detecting
p-wave pairing and emulating the Kitaev chain Hamilto-
nian.
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CONFINEMENT-INDUCED SHIFT δB IN QUASI-1D
The Feshbach resonance occurs at a magnetic field B1D where the 1D p-wave scattering length lp diverges [1–3]
1
lp
=
a3⊥
Vp
+ αpa⊥ + 3
√
2|ζ(−1/2)| = 0. (S1)
Since αpa⊥  3
√
2|ζ(−1/2)| for the lattice depths VL we can achieve in this experiment, Eq. S1 can be approximated
using 1/Vp = −αp/a2⊥. By Taylor expanding this around the 3D resonance field B3D to first order
1
Vp
|B=B1D =
1
Vp
|B=B3D +
∂(1/Vp)
∂B
|B=B3D (B1D −B3D) = −
αp
a2⊥
, (S2)
we obtain a simple analytical form for the confinement-induecd shift δB(VL, αp) = B1D −B3D
δB =
−αp
∂(1/Vp)
∂B |B=B3Da2⊥
=
−2mEr
~2 ∂(1/Vp)∂B |B=B3D
αp
√
VL, (S3)
where ∂(1/Vp)∂B |B=B3D < 0.
CONFINEMENT-INDUCED SHIFT δB,2D IN QUASI-2D
Similar to the confinement-induced shift in quasi-1D, an equivalent expression to Eq. S3 can be derived for this
geometry by considering the quasi-2D scattering parameters [3]. The confinement-induced shift in quasi-2D δB,2D =
B2D −B3D can be approximated by
δB,2D =
1
2
δB . (S4)
The open circles in Fig. S1 shows the data of δB in quasi-2D from [4], and the solid curve shows the result of a fit to
Eq. S4 with the effective range αp = 0.158(5) a−10 as a fitting parameter. This value of αp is within 15% of the value
the authors of [4] obtained by fitting measurements of the dissociation energy, as well as the value extracted from the
fit to our quasi-1D data shown in the main text.
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2Figure S1. The open circles show the confinement-induced shift for the quasi-2D p-wave Feshbach resonance position as a
function of the corresponding lattice depth (data from [4]). The solid curve shows the result of fit to Eq. S4, with the effective
range αp = 0.158(5) a−10 .
THREE-BODY LOSS COEFFICIENT L3 VERSUS VL
Atom loss due to three-body collisions is governed by
N˙
N
= −L3 n2. (S5)
The three-body loss coefficient L3 is obtained by fitting the time evolution of the total number of atoms N to Eq. S5,
where n2 = (Nt,c/2RF,c)2 is the squared atomic line density for a central tube, with a volume of twice the local Fermi
radius RF,c. A typical time evolution and fit to Eq. S5 is shown in Fig. S2.
Figure S2. Typical time evolution of the total number of atoms in the entire sample at ∆B = 30 mG and VL = 75 Er. Solid
curve shows the fitting to Eq. S5 to extract L3 with the squared atomic line density for the central tube n2 = (Nt,c/2RF,c)2.
Data points are averaged over 5 shots, and the standard error of the mean is approximately equal to the symbol size.
We measure the time evolution with VL between 15 to 75 Er and extract L3 by fitting to Eq. S5. The peak L3 as
a function of VL is shown in Fig. S3.
3Figure S3. Peak three-body loss coefficient L3 as a function of lattice depth VL. L3 is extracted by fitting the time evolution of
N to Eq. S5 as described in the Fig. S2 caption. Error bars indicate the one-sigma confidence interval for the fitting parameters
L3.
QUASI-1D p-WAVE SCATTERING CROSS-SECTION
The quasi-1D p-wave scattering amplitude is [3]
f1D(k) =
−ik
1/lp + ξpk2 + ik
, (S6)
In 1D, the equivalent of the scattering cross-section is simply the modulus of the scattering amplitude squared
σ1D(k) = |f1D(k)|2 = k
2
k2 + (1/lp + ξpk2)2
, (S7)
which is bounded from above by 1. Near a Feshbach resonance for lp < 0, this expression may be approximated by a
Lorentzian in terms of the collision energy, E = ~2k2/m as follows:
σ1D(E) ≈
(
Γ
2
)2
(E − Eres)2 +
(
Γ
2
)2 . (S8)
Here, Eres = −~2/lpξpm > 0 for lp < 0 is the above-threshold binding energy of the Feshbach molecule, and Γ =
(~/ξp)
√
4Eres/m is the width of the resonance [5].
DEPENDENCE OF κa⊥ ON VL
κ is the magnitude of the wavevector related to the binding energy of the Feshbach molecule, which can be calculated
by
κ =
√
mEres
~
=
√
−1
lpξp
. (S9)
4where lp and ξp are the 1D scattering parameters modified from 3D scattering quantities Vp and αp with confinement
strength a⊥ as mentioned in the main text. By Taylor expanding κ2 around the Feshbach resonance field B1D for a
particular VL, we find a constant κ at a fixed magnetic field detuning ∆B which is independent of VL:
κ2(∆B) = κ2|B=B1D +
∂κ2
∂B
|B=B1D∆B +
∂2κ2
∂B2
|B=B1D∆B2
=
∂(1/Vp)
∂B
|B=B1D∆B +
∂2(1/Vp)
∂B2
|B=B1D∆B2 (S10)
Therefore,
√
2κa⊥ is proportional to V
1/4
L for a particular ∆B, as shown in Fig. S4.
Figure S4.
√
2κa⊥ as a function of lattice depth VL. Each curve is V
1/4
L with a scaling factor set by ∆B.
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